Introduction: Late referral to a nephrologist, the type of vascular access, nutritional status, and the estimated glomerular filtration rate (eGFR) at the start of hemodialysis (HD) have been reported as independent risk factors of survival for patients who begin HD. The aim of this study was to clarify the influence of the HD-free interval from the time of an eGFR of 10 ml/min per 1.73 m 2 (I GFR10-HD ) on patient outcome.
A lthough there has been an international trend to initiate dialysis at higher levels of the estimated glomerular filtration rate (eGFR), the benefit or harm of this trend remains unclear. Moreover, end-stage renal disease (ESRD) from diabetes mellitus and/or hypertension is increasing gradually. These patients have poorer outcomes after beginning dialysis than those with glomerulonephritis in Japan and the United States. [1] [2] [3] Predialysis management is crucial because both predialysis treatment and the clinical condition of the patient at the time of dialysis initiation influence prognosis after hemodialysis (HD) initiation. Various clinical parameters before and at the initiation of HD have been reported as independent risk factors for a poor outcome. These include late referral to a nephrologist, 4 type of vascular access, 5 nutritional status, 6 and eGFR at the start of HD. 7, 8 Early referral to a nephrologist is reportedly associated with better preparation of vascular access and reduction of mortality of patients on HD. 9, 10 Poor nutritional status also predicts a poor outcome for patients on HD. 6 It was believed that the early initiation of HD might decrease uremic complications, improve survival, and decrease complications in patients undergoing HD. [11] [12] [13] Hence, some guidelines recommended initiation of dialysis at relatively high levels of eGFR.
14, 15 However, recent studies suggested that, with careful management of chronic kidney disease, patients could safely start dialysis at eGFR at <10 ml/min per 1.73 m 2 . 16, 17 A randomized trial that investigated this issue found that waiting until the eGFR was 5.0 to 7.0 ml/min per 1.73 m 2 resulted in no worse outcomes than beginning HD earlier did, at an eGFR of 10 to 14 ml/min per 1.73 m 2 . 7 These results indicated that delaying HD, with a consequent savings in health care costs, would not result in a worse outcome. However, the question remains as to how long it is safe to delay HD while continuing treatment at low renal function, for example, below a threshold of an eGFR of 10 ml/min per 1.73 m 2 . The aim of this study was to clarify the influence on outcome of the HD-free interval from the point at which the eGFR of 10 ml/min per 1.73 m 2 was reached until HD was initiated.
MATERIALS AND METHODS

Ethics
This study was approved by the ethics committee of Iwate Prefectural Central Hospital and was conducted in accordance with the ethical principles of the Declaration of Helsinki. We did not obtain written informed consent from the patients because the ethical guidelines for epidemiological research in Japan do not require consent for a retrospective study in which only medical records are used.
Patients
We reviewed the records of 238 patients seen at Iwate Prefectural Central Hospital, a tertiary acute care general hospital, between April 2006 and March 2011 who were older than 20 years of age and had started maintenance dialysis for the treatment of ESRD. Records were excluded if the patients had a history of HD (n ¼ 1), underwent peritoneal dialysis (n ¼ 11), had renal transplantation within 1 year of beginning HD (n ¼ 1), required dialysis because of acute kidney injury (primarily secondary to postoperative complications, sequelae of cardiovascular events, or multiple organ failure) (n ¼ 28), started HD at an eGFR >10 ml/min per 1.73 m 2 (n ¼ 9), or those whose HD-free interval from an eGFR of 10 m/min per 1.73 m 2 (I GFR10-HD ) could not be confirmed (n ¼ 93), who stopped HD within a year after starting (n ¼ 2), who died in hospital after the initiation of HD (n ¼ 12), or whose outcomes could not be obtained from their maintenance dialysis facilities (n ¼ 2). This left 124 patients whose records were included in this study. Data from all the patients analyzed in this investigation were also included in a recent multicenter study concerning 1-year mortality after HD initiation. 18 Renal function was evaluated by eGFR using the following equation developed for Japanese patients: eGFR (ml/min per 1.73 m 2 ) ¼ 194 Â serum creatinine À1.094 Â age À0.287 (Â 0.739, if female). 19 
Predictive Factors
We estimated the point at which each patient reached an eGFR of 10 ml/min per 1.73 m 2 based on the latest point in the record that was closest (either more or less than) to that value. We presumed that eGFR declined linearly around that value. When an eGFR improved in reverse, the last point on the decline was selected. We calculated the HD-free interval as the time from an eGFR of 10 ml/min per 1.73 m 2 to the initiation of HD (I GFR10-HD ). We also calculated the rate of eGFR decline by subtracting the final predialysis eGFR from the initial eGFR divided by the time interval.
Clinical Parameters
Clinical data at the initiation of HD were obtained from medical records, including age, sex, body mass index (BMI), history of smoking, history of cardiovascular disease (CVD), medical care by nephrologists for >6 months, causes of chronic kidney disease, systolic blood pressure (SBP), diastolic blood pressure (DBP), modified Charlson comorbidity index (CCI), 20 World Health Organization Performance Status (PS), 21 laboratory data (eGFR, urea nitrogen, hemoglobin, serum albumin, sodium, potassium, calcium, phosphorus, and C-reactive protein [CRP]), type of vascular access, symptoms related to the progression of kidney disease (fatigue; peripheral and pulmonary edema; digestive symptoms such as nausea, anorexia, diarrhea, and constipation; hypertension; peripheral neuropathy; psychiatric disorder; hemorrhagic diathesis; diabetic retinopathy; and pruritus), and medication history.
Outcome
The primary outcome was the combination of all-cause death and cardiovascular events, including heart failure, myocardial infarction, percutaneous coronary intervention, coronary artery bypass grafting, operation for valve diseases, aortic disease, percutaneous transluminal angioplasty or limb amputation due to arteriosclerosis obliterans, or cerebrovascular disease. We obtained information on patient outcomes from maintenance dialysis facilities via a letter. 6 .5% (7 of 124 patients), calcium in 5.6% (6 of 124 patients), and BMI in 1.6% (2 of 124 patients).
HRs for these in univariate models were estimated after 5 imputations using multiple imputations with chained equations. 18, 22 We did not use these parameters as covariates in multivariate models because none had statistical significance in the univariate models. Statistical analyses were performed using STATA version 13.1 (Stata Corp., College Station, Texas). R > 0.20 and P < 0.05 were considered statistically significant.
RESULTS
Patient Characteristics
The mean follow-up period from the initiation of HD was 882 days (range: 6-2510 days). The baseline characteristics are shown in Table 1 
HD-Free
The median I GFR10-HD was 159 days (range: 2-1687 days). That distribution is shown in a histogram (Figure 1a) . We performed logarithmic (log) transformation to conform it to a normal distribution (Figure 1b) . The median rate of eGFR decline was 8.6 ml/min per 1.73 m 2 per year. That distribution is shown in a histogram (Figure 1c) . We performed log transformation to conform it to a normal distribution (Figure 1d) . (Table 2 ). Correlations between rates of eGFR decline and other clinical parameters were similar to those for the HD-free I GFR10-HD (data not shown).
Correlation of HD-Free
Outcome and Survival Rate Sixty-seven of 124 patients (54%) reached the primary outcome. Of these, 29 died, and 38 experienced cardiovascular events. Causes of death included cancer in 8 patients (28%), infectious disease in 4 (14%), heart failure in 3 (10%), stroke in 2 (7%), other diseases in 9 (31%), and unknown reasons in 3 (10%). Of the 38 cardiovascular events, heart failure occurred in 20 patients (53%), cerebrovascular disease in 7 (18%), acute myocardial infarction in 4 (11%), percutaneous coronary intervention in 4 (11%), and aortic disease in 3 (7%). The outcome-free survival rates at 1, 3, and 5 years for all patients were 0.73, 0.53, and 0.35, respectively ( Figure 3 ).
HRs on Univariate and Multivariate Analysis
On univariate analysis, age, history of CVD, medical care by nephrologists for >6 months, modified CCI, PS, AVF, edema, diabetic retinopathy, and ESA use were found to be statistically related to HRs for the primary outcome (Table 3) . SBP >160 mm Hg, serum albumin, log CRP, pulmonary edema, peripheral nerve abnormalities, and angiotensin-converting enzyme inhibitor and/or angiotensin receptor blocker use tended to be related to the primary outcome (Table 3) . HRs for central nervous system manifestations and digestive symptoms could not be calculated because there were no observations in either the event-free group or in the group in which events occurred.
The unadjusted HR of log I GFR10-HD and log eGFR rate of decline were 0.393 (95% confidence interval [CI]: 0.244À0.635; P < 0.001) and 3.926 (95% CI: 2.128À7.245; P < 0.001), respectively. We adjusted these statistics in model 1, age and sex; model 2, model and model 3, model 2 plus diabetic retinopathy and ESA use. Except for age and sex, we selected those parameters as confounding factors that were associated with both the predictive factors and the primary outcome. In models 1, 2, and 3, the HRs of log I GFR10-HD changed to 0.327 (P < 0.001), 0.471 (P ¼ 0.013), and 0.507 (P ¼ 0.036), respectively (Table 4 ). In models 1, 2, and 3, the HRs of log eGFR rate of decline changed to 5.117 (P < 0.001), 3.340 (P ¼ 0.003), and 3.028 (P ¼ 0.008), respectively ( 
DISCUSSION
This study showed a longer HD-free interval from the point at which a patient's eGFR reached 10 ml/min per 1.73 m 2 was significantly correlated with a lower risk of all-cause death and cardiovascular events in patients once they started HD. This was the first report that this interval could be considered to be an independent prognostic factor for such patients. In addition, our findings might enable us to estimate the prognosis of patients based on short-term observation before HD is initiated.
Many studies worldwide focused on the ideal timing of HD initiation, especially in terms of the appropriate eGFR at which to begin dialysis. In the 1990s, early initiation of HD was recommended and believed to decrease mortality, hospitalization, and costs of treatment. 23, 24 However, since the 2000s, several investigators commented on findings that early initiation of HD at a higher eGFR increased mortality. 25, 26 The previous studies recommending early initiation were all nonrandomized and subject to potential confounding factors. When a randomized controlled trial was conducted that accounted for confounding factors, including biases related to referral time, lead time, and patient selection, planned early initiation of dialysis was found not to be associated with an improvement in survival or clinical outcome. 7 In addition to the issue of the timing of HD initiation, it was reported that the rate of eGFR decline before initiating HD was associated with all-cause mortality after beginning HD. 27, 28 However, to date, from what point the rate of decline might be important is uncertain.
The HD-free I GFR10-HD was related to already known risk factors for patients on HD, such as nephrology care, diabetic nephropathy, eGFR at HD initiation, serum albumin, PS, vascular access, and ESA use. Hsu et al. reported that there were differences between patients with abrupt and nonabrupt eGFR decline in terms of nephrology care, eGFR at HD initiation, serum albumin, cause of ESRD, and vascular access. 27 Of these, nephrology care before HD initiation was considered to be important, especially in older adults. 29, 30 However, at which level of eGFR physicians should refer patients to nephrologists is yet to be completely elucidated. According to the Japanese dialysis initiation survey, nephrology care for $6 months predialysis significantly reduced the risk of 1-year mortality after HD initiation. It was reported that a higher rate of using specialized medications (e.g., ESA and sodium hydrogen carbonate) in patients who received early nephrology care might be a reason for this better outcome. 4, 29, 31 In the present study, nephrology care >6 months remained a strong and independent prognostic factor in the multivariate model, although most patients in our study received comprehensive treatment in our nephrology division when their eGFR was 10 ml/min per 1.73 m 2 . The HD-free I GFR10-HD was more sensitive for predicting the prognosis of HD patients than other already known risk factors. This interval correlated well with the eGFR at HD initiation, serum albumin, PS, and vascular access, all of which were reported to influence the prognosis of patients on HD. 26, 32 It was possible that these factors were aggregated in the HD-free I GFR10-HD , so that it ended up being an independent prognostic factor.
In Japan, a higher mortality was observed in patients with eGFRs >8 and <2 ml/min per 1.73 m 2 at HD initiation. 31 The guidelines of the Japanese Society for Dialysis Therapy (JSDT) therefore recommend starting HD when the eGFR is between 2 and 8 ml/min per 1.73 m 2 , as long as patients have no uremic symptoms or complications, including malnutrition. 33 In this study, eGFR at the initiation of HD was found not to be a prognostic factor. Because most participants initiated HD at the time of recommended eGFR by JSDT (Table 1) , we can say, at least, that eGFRs from 2 to 8 ml/min per 1.73 m 2 did not influence the prognosis once HD was initiated. In contrast, as noted previously, the rate of eGFR decline before HD initiation was reportedly associated with prognosis. 27, 28 The mean levels of eGFR at HD initiation were >10 ml/min per 1.73 m 2 in these studies. In the present study, a faster rate of eGFR decline from a level of 10 ml/min per 1.73 m 2 had the expected shortening of the time to dialysis initiation. Delaying dialysis might be safe even after eGFR reaches 10 ml/min per 1.73 m 2 if a patient does not have a clear indication to start long-term dialysis.
There were 3 limitations to the present study. First, this was a retrospective single-center study, and the number of participants was insufficient for multivariate analysis. We could not completely adjust for known prognostic factors. Second, the primary outcome was the composite of all-cause mortality and cardiovascular events. Thirty-eight of 77 patients who reached the primary outcome had CVD, and 20 had heart failure. Therefore, the findings in this study, based on the outcomes we found, might not be generalizable to all patients on HD. Third, it was possible that the HD-free I GFR10-HD was correlated with a high starting eGFR, which might be a confounding issue. However, it was impossible to compare intervals from an eGFR 10 ml/min per 1.73 m 2 and from an eGFR >10 ml/min per 1.73 m 2 because of the unavailability of data. In conclusion, the present study revealed that the HD-free I GFR10-HD might be an independent prognostic factor for patients on HD and might help in estimating a prognosis. When managing patients with ESRD, we should take this interval into consideration when discussing potential outcomes once HD is initiated.
DISCLOSURE
All the authors declared no competing interests.
